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REPRODUCED AT GOVERNMENT EXPENS!:
i
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Report Ho. 710/409

‘E’Eﬁf’é‘.’"&ﬁiif‘iéu“%c\’hssw\E“ o .19

5allistic and Metallurgical Properties

of High Alloy Face Hardened Armor Plate

Made by the Pluramelt Process

OBJECT

To deternine tne ballistic and metallurgical properties of
Ploramelt, (a composite armor plate) including chemical enalysis,
macroscoplo ana microseopic examination, and hardness surveys.

REFERENCES
0.0. 470.1/1069 W.A, 470.1/5178

Tne basic correspondence and material pertaining to this
report are contained in Appendix A,

CONCLUSIONS

1. High alloy face hardened srmor plate (.35/.40 carbden,
12/13 chrome fzce; .06/.08 carbon, 12/13 chrome bdack) made by
the Pluramelt Process is mot sultable for good quality armor
plate for the following reasons:

&. Spalling of front face and occasionally back
spelling. Of forty-two (12) Pluramelt plates tested
at Aderdecn Proving Ground, only seven (7) passed. (See
Toble I1,)

b, Poor flame cutting properties. - '& | WAl 1
¢. Ixcepticnally high chromium content. {r‘ﬁfw
&, iletallurgical examination shoved the following defects
in the material: %
a, Pronounced bands of carbides and some grain \Q\
boundary carbides in the hard surface layer. (See %
Figures lla, b, 16a, b, and 17a, and 18e.)

&
i é”fﬁﬁaﬁﬂfi;‘f{_f}flnv oo ;}b%Q)\}




B T O i
.

e,

P Y

REPROBUCED AT GOVERNME!

b. longated monmetallic inclusions which were
sgrociated with erack aystema in the hard surface layer.
(Jer Flpure 8,)

8. Jome graiﬁ boundary carbide in the junetion of
tiie hard surface layer and the steel bmse. (tee Figures
170, and 1Ke.)

4, Uccasionally some grain boundery uaibxao wes :
found in the steel dass. (See Figuree 164, 17¢, =nd 184.)

3. wetcllurgical examinution indicated that the steel basge
was reletively iree from nommetnilicn and that with one exception,
a gracusl treasition in micrestructure was evident from the hard
surface layer to the steel base, (See Figures Ta, 12, 14, 15,
end 10b.)

4, The .igh chrowium Plursmelt may be heat treated satis-
factoriiy uy noraallieing only,

5. luremelt of a new composition (murface layer containing
approximalely (. l0% carben, 54 nickel, and steel Yase containing
approximately .20% cerbom, smd 5.0% nickel) has shown promising

ballistic properties, (Ses Tabvle III.)

E. L., Read,
Ragsarch Metallaurgist.

M.
M, Bolotsky,
Jr, Fetallurgiat,

(. [,

A, Hurliea,
Jdr, Metallurgist,
APPROVED:

H, B, ZGRHIG,
Colonel, Drdnsnce Dapt.,
Director of Laboratory.
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e REPRODUCED AT GOVERNMENT EXPENSE

INYHOUCTIONR

In ipril 194D, representativas from the Alleslieny Lndlum
Steel Coruvorstion ulscuswsed with the tecknical stuff at wateriown
Arsenal s cooperitive vrogram covering the metallureical exsmina-
tion £nd bdallistic tests of various samples of Plursmelt, Accord-
ingly, raonlen 1/8" and 1" thick were submitted for investigation
as followys

Plate Mo, Sige
AR30 1*x36"x30% )e welded plate 2 mections
exrmnined ~ noted as "B* & "C"
AR3S 1"x36"x36"
AR36 1/8"x12%x)2*
3 AR3? 1/8*x12%x12"
T AR3S 1/8*x12%x12"
S AR39 1/8%x12%x12%
o

The explonation of the Pluramelt Frocess in some detaill is
iven in sppendix A,

vy
L

T

TRGT PAOCEDURE

1. 3allistic Tests

.
-
L™
-
.
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f
.
'
-
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-

Brllistic tests were mada on the 1/6% thick material at
iatertown Arsenal while the 1" thick plates vere testad at Aberdeen
Froving lround,

B Tt e
S I ]
. v .

2. Hetsllurgical Examination

r.  Chemionl Anelysis
B
fhemical analysis was made on the surface hardened L )
layer end also on the back face of the plates after they were (;,?o R
rmnealed by hesting to 1500°F for one hour and cooling in the "o ]
furnace. =)
D oS
b. Hacroscopie Examination = .
Lon :itudinal and trenaverse sections cut froms the :-L‘; 1
plates were etcliel in Oberhoffer's reagent and in the standard e - ‘1
Satertown Arsenal macroetohing acid mixture eon . o =)
T A F
&'U_ i’| ; i |t‘)?, M ’ﬁ, .y
-3- ' | B LA b
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N 12 parts by voluma come Hp50) SpOr 1.6
P T I “ HECL " 1.1
SR H,0

o

{deroscopic ixamindtion

tiicroscopic exsminstion wae made on the surface
~ nardened layers, at the junction of the face hardened surface
and ateel base und aleo on the steel baso of the various samples

«ubmitied,

4. tiysical Tests

Yuysieal teatm wora masde on the stael haxa of the 1
thick »leta, ln, AK3H,

e. lardnemss Survays

Vickers Brinsll hardness surveye were nnie on sections

cut irow the nlotes to show the varimtion in herdnesn from the sur-
. frce "o the renr face,
- RESULTS OF TESTS
1. Hallistic Tests

" a. Inllistie Proparties of FPlatas Exaxined
o =t Jatertown Argenal .
2 | ihe ballistic tests were made nt Aderdesn Proving
i uround and at vatertowa Arsennl and the results of these tests are
recorded in Teble I as follows:

o Plate AR30 = A.P,0, Partial Report No. 156,

: . dated Janmunry %, 1940,

: { Plate AR3H - A.P,0, Partial Report ¥o. 179,

X dated Fedbrunry 26, 190,

: | Pletes AR30, AR3], AR38, AR39 - W.A, Latter Report dated May 28,
- 1940 covering W.A. Ballistio
. Reports 115/134, 115/135, 115/136,
- and 115/137.
- =
2




Lable 1

Ballistic Testa
Ilound Striking
Plate Ho, Ammunition Velocit Remarks

’ 7/ 3
AR30 1 Stmm, AP, U39 1796 Gomnlete penetration on plate
1 %x364x 16¢ #3" nbove weld, Shattered

plate below weld.
2 " 1790 GComplete penetration on plate

above weldjl-3/h® gpall,
Note: ilute reeicted Cal., .50 AP, M1, b

striking veloelity 2969 f/s (highest .
partial). Plate tested under Speec, :
AX5-54K-2 was uneatisfactory when
subjected to shoek test with 37am,
Resiestance to penetration of plate

e R e R L T e SO N L o 00
i

: setisfactory.
LR35 1 3lma, AP, M39 1909 Complete penetration, face .
1°x36%364 spall 5-3/8*x3-1/9"%,
2 " 1906 Complete penetration,

Jotes Flate resieted Cal, .50 AP, M1,

4 f
i striking veloeity 3053 f/e (highest "
L pertiel), Plate tested under Spec, y
§ AR ~HUE-2 wae satisfactory. tj
¥ AR36 1 0Cal,.30 AP, K1922 1200 Complete penetration, clean E
1/8*x12%x12% cut hole, no cracks, g
2 L 1000 Gomplete penetration, clean i |
cut hole, no craeks, :
3 " 2600 Complate penetration, irr i
hole, approximately 1/2%x5/8%;
two small cracks, front and
back. :
4 0al..30 Ball Service 2600 Complete penetration, irregular 4

hole, 3/4"x7/8"; two small
cracks, front and beck,

AR3Y7 1 Cel,.30 A4.F, M1922 1000 Complete penetration,clean cut
1/8%x12%x12# : hole, mo eracks,
2 “ 1000 Complete penetration,crack at

penetration both faces.
3 Cal,,30 Ball Serviee 2600 One emall erack at pemetration
front and rear face.

&
‘2
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Tavle 1 (Cont'd)

Remarks

lound Striking

Piute to, Ammunition Volt}cltj
/s
AR3T b Cal..30 A’y H1922 2600

1/87x124x10"

AR38
1/8*x12%x1 2"

AR39
1/84x12"x12¢

e e

5 Cal..30 Eall Service 2600

6 Cal..30 a.r. ¥1022 2600
1 Cal..30 A.P. W1922 1000
2 " 1000
3 " 1200
h " 1000
5 " 1000

2600

G Cal,.30 Sali verviee

7 Cal., .30 4.P, M1922 2600

1 Cal. .30 AP, HIG2: 1000

2 ! 1000
1000

N Cal, ,30 3al) Service 2600

5 Cal,.30 AP, M1922 2600

{lomplete nenetration, hit
reund 3, Some circular
cracks at impact, Irregular
hole about 3/Wnx7/g%,
Cowplete penatration, irregu-
lar hole nbhont 3/U"x7/8%;
saall orscks at front and
rear face,

Complets paenetration, irregu-
lar hole about 3/8%x1/2".
soall surface crack.

Fartial peretration, no
cracks, slight indentation,
LUomplete penetration, clemn
cut hole.

Giomplete nmenetration, clean
cut hole,

Complete panetration, c¢lesn
out hole,

Complets penetration, clean
cut hole.

Couplete panetration, irregu-
lar hole, 1/2%z5/%", Circular
cracks on surface,

CUomplete penetrntion, irregu-~
lar hole, 1/2%x3/8%,

Partial penstration; punching
atnrted, no cracks,
Complete penetration;
cut hole, no cracks,
Cormlete pemetration;
cut hole, no eradks,
Qoiaplate penetration, Irresu-
lar hole 5/8%x1/2%, Cireular
crncks at iwpast,

Complete penetration, Irregu-
lar hole 5/8"x1/2%, Otreculer

crngks at impact, Small parti-
cles blown froms bHack,

clean

clemn
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inble I (Cont'a)

d fiote: Pewotration oseurred on Plates Au36,

- Ai(, AR3E, snd AR} et a striking
3 veloeity below that required dy

B L R

Spra. AKS-SUK<Rev,.3 (requirements
1550 /s, Cal, .30 i~.F. By extrapolstion).
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. REPRODUCED Al GUVERNMENT EXPENS:
®
b. iiesuae of Balliatic (ests nn Pluramalt
ui : oerdeen sroving uround -
E‘ 1o regume of ballistio tests made on high ohromium
Gl Allegucy Luaiwa Pluramelt at ibardeen Proving Ground (reference,
" AP, O, cartich ce,orte 156, 179, P0W, 215, 226, 230, 2806, and
o 310) aro snoua in fable 1I,
B tnble 11
Eesune of fallistic Tests
+late Jood Bad
S -uickness  Fflatas  Plates  Total
'[: ¥ 1/8* 0 L L
£ f 1/l Z 7 G
O 3/ 8" 1 3 h
N 12" 1 5 6
>L 1N 3 7 7
e le1/20 0 N b
b el 0 ] zc
3 = -— -
o c. llistie Tests of b lickel Pluramelt
. ol LA
ﬁ 1)istic tests made on the new 5% nicvel Flursmelt ™
-t‘”f' ae reported by 1llefheny ludlum Compeny sre given in Table I1I, e
Aﬁ
-
e
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3ollictic sroperties of sllegheny Pluramelt /irmor Flates

July 3, 194

inlcl.- Brinell Hardness Lowesxt Romlt"
Heat o,  nass  Face Back _hmwunition Complets Table 1 Tadle 2
L3hgl-t ALK 578 460 .30 Cal. M-2 2001 {P*  OK CK
3Gl 306 600 LU4-460 .30 Cal. k-2 2112 OK OK
b3301-11 b 12 Lhly .30 Cal. M=2 1916 X 7
AR-155 /4 578 Wi .30 Cal, M2 2140 cx Ok
AR=-156 /4 600-627 iy .30 Cal, N-?2 2271 oK OK
L3ugo-13  1/b 532 Wy .30 Cal, -2 1967 F r
b3ugh-2 /o 578 B .30 Cal. M-2 2269 oK oK
h34ghy 1/u 600 - u77 .30 Cal, M-2 2077 HP OK 0K
L3kg-11  1/4  578=652 UOG-UTT .30 Omd. M-2 2145 HP ox oK
hiugh-12  1/b 578 Lhh-U60 .30 Cal, W-2 2081 oK 1) ¢
43301-1L 5/16 578 Ly .30 Cal, M=2 2278 (474 oK
B3301-1  5/16 600 460-U77 .30 Cal, M-2 2311 oK oK
43kog-12  5/16 €00 Whlilb0 .30 Cal, Me? 2028° r ) §
4353810  5/16 600 W77 .30 Cal. M=2 216Uee F ¥
43201-7.2  3f8 600 WL.460 .50 Oal. M-1 1957 " ¢ oK
43301-3-2  3f¥ 613 477 .50 Cal. M-1 1908 oK oK
43301-10 3/8 600 460-477 .50 Cal. M-1 1931 NP X oK
h3301-13 /& 578600 Ly 50 Cad, M-1 1942 P 0K oK
L2408-1-2  3/8 600 Lk .50 Cal, M-1 2162 HP oK OK
L3UDG~1-2  3/8 627 L .50 Cal, M-1 1930 WP ox ox
L3408g-2-2 3/8 627 477 .50 Cal, M-1 2130 EP (¢ ox
» L3kog-p-2 /8 613 47 .50 Cal. M-1 2098 KP ok oK
e 1 3408-9 3/e 600 U6o-h77 .50 Cal. M-1 1903 WP oX oK N
34861 3y 532 W 50 Cal, M-1 1786 r ¥ =
b3Ugh-3 3/8 600 Uih-l77 .50 Cal, M-1 1912 WP oK oK k
i3hg6-2 3/ 578 Wih-460 .50 Cal, M-1 1892 ox OK
L3Lgo-3 3/8 570 Ll .50 Cal, M-1 1RUO ox ¥
L3486-15  3/8 600 Lihh .50 Cal. M-1 1826 0K F
h3hglio) 3/4 600 W17 .50 Cal, M-1 187h WP oK 0K 5
L 3hgh-6 3/8 600 L60 .50 Cal. M-1 1903 HpP oK oK o
B3uglh-13  3/8 600 L 50 Ca), M~1 1925 HF OR 0K K
RHUTL S I 3/8 600 WLU-k60 .50 Cal. M=1 1942 i® ox 0K
43511-13  3/8 578-600 Wiih60 .50 Cal, M-1 1981 HP ox ox
L3511-16 3/8 600 U60-UTT .30 Oal, M-2 2Uih} 3} ¢ oK 2
Ai-154 1/2 555-578 Wy .50 Cal, W-1 2304 ox oKX -3
43301-3.3  1/» 27 ihly .50 Cal, M-1 2179 0K (5)°¢
43408-2-3 1/7 627 160 .50 Cal. M-} 2221 oK 4} ¢
-1- 3
)
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*HP - iirhest iartial Penetratlion

*®lmp.ctn irresular, one showed complete penstration at velocity of
20?2¢ f4/s, others showed completes at (/632311 and partials at
22632314,

***lmpsctn irrequler, one showed complete pemnetration at velocity
of 164 ft/u, others showed partiale at 2204-2067 snd 2379,

#See Svecificciion 0,8, No, 9595, Tables 1 and II,
¥y r Falled
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REPRODUCED AT GOVERNMENT EXPENSE

:

2. Metnilurgical Examination

n. GChemical Analyses

shemical analyses of the Pluramelt plates ares glven
in Trhla IV,

‘Table 1V
Plote To, ¢ Mn ¥ $ s1 B4 Cr
AR30 rece .3% .15 .006 .06 .35 ©0.94 12,45
AR Reer 07 o 015 006 .365 1.10 12,28
AR3S iics A5 30 012 022 765 .85 12.8%
AR35 icar 06 W 010 ,015 ,hoO 87 12.9

AR36, 37, 38, 39

J'uce

.29 .29 ,007 ,016 ,500 1.06 12.1%

AB36 Roor 0% .23 .009 ,023 .570 1.00 12,66

E. tHecrostructure

(1) The macrostructure of the platas as reveeled by

the derp etch is dascribed bdelow: .:-'_‘
Plate 471170 Jelied Plate :::'
. -

Tection I} -~ The metal nesr the top and dottom eurfaces is U e
quite clean ond shows a fine and unifors macrostructurs. In the (S
central portion, thers are a few soattered laminationse, o

P

Jample 2 waa cut at right angles to sestion 1,

section U - Yhe metal in this plate is similar near the top
and bottom rurfices to that descrided for plate B but tha central

oA

portion ls lisavily lamimated snd conteins some stched-out impurities. i
Semple 2 was cut at right angles to section 1, i

Plate i35 iy
-1

Tha fece of the plate snows quite prominent wvell-distriduted "

pits after etcuing. The fusion between the fsce and the dase layers N
iy

]

B "j

P 2
L tatatatalata’

s e 3
ale




Lable 1

Ballistic Testa
Ilound Striking
Plate Ho, Ammunition Velocit Remarks

’ 7/ 3
AR30 1 Stmm, AP, U39 1796 Gomnlete penetration on plate
1 %x364x 16¢ #3" nbove weld, Shattered

plate below weld.
2 " 1790 GComplete penetration on plate

above weldjl-3/h® gpall,
Note: ilute reeicted Cal., .50 AP, M1, b

striking veloelity 2969 f/s (highest .
partial). Plate tested under Speec, :
AX5-54K-2 was uneatisfactory when
subjected to shoek test with 37am,
Resiestance to penetration of plate

e R e R L T e SO N L o 00
i

: setisfactory.
LR35 1 3lma, AP, M39 1909 Complete penetration, face .
1°x36%364 spall 5-3/8*x3-1/9"%,
2 " 1906 Complete penetration,

Jotes Flate resieted Cal, .50 AP, M1,

4 f
i striking veloeity 3053 f/e (highest "
L pertiel), Plate tested under Spec, y
§ AR ~HUE-2 wae satisfactory. tj
¥ AR36 1 0Cal,.30 AP, K1922 1200 Complete penetration, clean E
1/8*x12%x12% cut hole, no cracks, g
2 L 1000 Gomplete penetration, clean i |
cut hole, no craeks, :
3 " 2600 Complate penetration, irr i
hole, approximately 1/2%x5/8%;
two small cracks, front and
back. :
4 0al..30 Ball Service 2600 Complete penetration, irregular 4

hole, 3/4"x7/8"; two small
cracks, front and beck,

AR3Y7 1 Cel,.30 A4.F, M1922 1000 Complete penetration,clean cut
1/8%x12%x12# : hole, mo eracks,
2 “ 1000 Complete penetration,crack at

penetration both faces.
3 Cal,,30 Ball Serviee 2600 One emall erack at pemetration
front and rear face.

&
‘2
L)
'
[l
| 3
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b, Hierostructure

“he rear faces of plates AR30, AR3S, AL3s6, AR3T,
AR3B, s#nd £HYY sre relatively free from nonmetsllic inclumsiones,
(See ricure 7a,) Yhe hard surface of plates AR30, £:36, AR3T,
and 4150 conteins some fine stringers of nonmetallic inclueions
but in cenerai are falrly cleen., (See Figure 7b.) The herd sur-
face layers of plates AR3S and AR39 contain a relatively high per-
centare of slongated nommetallic inclusions, (3See Figures 7o amd
7d.) & erack gystem in the hard surface layer of plate AR39 was
found to be ascociated with a ceries of nonmetallics., (See Figure
8,) i coneidercble number of nonmetallics were present at the
Jjunetion of the hurd surface leyer and the soft buck of plate MNo.
A30 et seversl areas,

In most of the samples there is a gradual transition
in the wicrostructure of the relatively high carbon surfage to the
low cerbon resr face, (See Figures 9, 12, 14, and 15,) In the
case of one section of plate Ai30 this was not true, A sharp line
of demarcation between the hard surface and soft back was detected.
(See Figure 10,)

The high carbon layers of the plates conaist of banded
cerbides in a martensitic matrix, while the microstructure of the
steel unses of the plates conslsted of chromium farrite pools in
e low cnrbon martensite metrix, (See Figures 9 - 10 inclusive.)

In the high carbon face nf plates AR30, AR3H, AR3G,
and 4739 considernble carblde bonding was evident. (See Figures
9a, 11z, b, ¢, 12s, 13a, 15a, ond 16¢.,) This banding was lese
noticenble in plates AR37, and AR3S, (See Figure 1l4a.) In plate
AR3H, evidence of a wedge shaped ferrite stresk {s prasent in the
hard surface loyer. (See Plgure 13b.) A promineat band of ecar-
bide iz evident in the hard surface layer of platss AR36 and AR39,
This bend runs in the center of the layer, parallel to the surface
of the sheet., (5ee Figure 18a,)

In the low earbon backs of the plates AR30, AR35, AR36,
AR3T, AH3EB, and Ait39 the ferrite pools occur in distinct bands, an
example of which is shown in Figure 9b, There ie evidence of some
decarburization on the hard surface of the plates axanined ss noted
below:

«10-



REPRODUCEDN AT GOVERNMENT EXPENSE

Depth of
Plate Yo, Decarburisstion

AR30 015"
AR3S L1

AR36 o) L
AR3T 022"
AR3E .012"
AR39 01"

The graln sige of the outer hard layers and the rear
facer ol the plites is given below:

(rain dige
A3, T.M, ¥o,

Flate Jo. Outer Hard Surface Soft Back
ARI0 7 3
AR35H less than 8 S 6
An36 8 - 10 6-7
AR3T 6 5-6
AR3E 6 5=
AR39 8 = 10 67

In the high carbon layers of plate AR3I9 and AR36,
there 15 & progressive increase in grain sise from the prominent
band to the outer surface of the plate.

Filne gruin boundary carbides are present in the low
carbon layers of most of the plates as revealed by the Murakami
reagent. (Use Figures 17c end 184,) Some prominesmt grain bound-
ary carbide chuins oceur in the Junction of the high and low car-
bon layers in plates AR35, AR3O, AR3], AR3S, and AR39, (8ee Jigures
17v, and 18c,) some medium size graim boundary carbides are present
in this ureu in plate AR3J0, There are fine grain boundary carbdides
present in the hurd surface leyers of plates AR3}], and AR38, Pro-
nounced carbide bands are present in the high carbon fnce of plates
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AR30, Al35, 436, ond AR39, (See Pigures 16a, c, and 18a.) The
Murakami etcnh anows that there is a more complete solution of
carbide in ti surface layer of plates AR37 and Ali38 than in the
other sarploo., Some evidence of bands of carbide are present in
the ste-l b:so of plate AR3S, (See Figure 16d.)

“he thickness of the layers on the Pluramalt is
~iven bslow: -

Total High Carbdon Low Cardon
Plate No, ‘nickness Outside Layer Back Layer Junotion
Inches Inches Inchas Inches
AR30 1.00 .189-.31 .811=,69 -
AR3S 1,00 35 .58 .07
w36 132 052 052 022
AR3T 132 054 .0u3 035
AR3E .132 .036 061 .03%
AR39 132 .06l LOl6 022

¢, Physical Teats

Fhysical tests made op the steel base of the plate
Ai3) are reported in Table V.

Table V :i;.
Y.6.P. Xlong.  Coat. of e

.01% Set T, 8. % Area r
Plate Lo, Lbs./Sq.Im, Lbs./Sq.ln, in 1.h* 5 Remarks 5
AR35-1 114,000 166,600 1.9 24.1  Fracture begins at 7]
small crack st outer ")
edge. Irregular i
breek, Suall non- ._.'4

metallic streaks. -
Small gas cavities, "7
AP35=? 105,000 162,000 5,0 16.6  Irregular breek, )
small nonmetallic o
arsas, Fracture be- N
gins at small erack . g

at outer edge. Large

crack on stem, b T

Note: - Snmple‘é'cut at rizht angle to sample 1, §ER
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d. ilerdnese Surveys

(1) Brinell Hardness

Srinell hardness values as reported nnd determined
at datertown Arcenal are riven belows

Brinell lardness

ks Reported Detearmined at VYatertowm Arsenal
Plate lo, Yroce  laock ince Back
309 477 3%
! AR3C. C 417 340
t Au3) 525 375 77 364
i (2) Viockers Arinell iiardness Surveys

= Vickers Orinsll hardness surveys nnde on croes
g nections of the plates are shown in Figures 19-24 inclusive,

DILGEUSSION

'‘na results of thie investicution indicate that the high chromium
Fluramelt matericl s not suitebls for good quality armor because of
the spulling cnurvoteristics of the hard surfaca layer, poor flame
cutting chaoracteristics and the high chromium content,

IV i3 claimed by the manufacturers that this tyne of Pluramelt
can be neat treited to the proper hardness by norunlising only,
Meatallurzleal examination on the plates submitted for this examins-
tion indicates that the normslizing treatment does not in all cases
retain the carbides completely in solution in the hard surface layer
and in nany cases in the steel base. These segresated carbides in
combinntion with elongated nonmetallice present in many of tha plates
mey bs contributing factors to failure,

It «hould be noted thet of forty-two (42) FPluramelt plates tested
at Aberdeen ‘roving Ground only saven plates passed. (See Tadle 1I.)

It is clnimed that this type of Pluramelt wvelds aatisfactory,
In tha cose of the 1-inch plate AR3D, the veld withetood the pene-
tration teat but the plate itwelf failed. (Referencs, 156th Aberdeen
Provins Cround Partial Report.)

-13-
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«ithin thae part year, the manufacturers of Plurumelt have
develojed rnotiuer type of hard surface armor containiag 5% nickel,
with sbout 0,40 carben in the surface and about 0,20% carbon in
the stacl besa, Heovy tests Indicate that thie io n promising
material, (See Table XII.)

“asts mado nt Watertown Arsenal indicate the material has
good bzlligtic and shock resiatrnce but there was a slight indloe-
tion of brittleness on the rear fuce during the shock test,

#lrures 1-6 inclusive 1llustrate the macrostructures of the
high chronium Fluramelt.

Ficures 7-18 inclusive show tihe microstructures of this
materinl.

Figures 15-2l show the hardness surveys of Plursmelt plates
of variocuc thicknesses.
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Fipure 1

Hacrostructure

Laep Etch

E}Ete A(i()_‘: “\.L(?}_(-led Platﬂ
Jeotion B

Tne metzl near the top and bottom surfaces is quite clean
and shows a fine and uniform macrostruoture., In the central
portion, there are a fav scatterad laminations.

Sample 2 waes cut at right angles to sample 1.

. o Mt £ - L 2 o ‘ 4
'* 5, Gt R 'm Spirirle’ arng, Wk

& Section C

The metal in this plate is similar nesr the top and bdottom
surfeces to that desorided for Plate B, but the central portion
is henvily laminzted and contains some stshed-out impurities.

Yote the variation in thickneas in the hard murface layers.

Samplae ¢ was cut at right sngles to sample 1.
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UNMCHES =
ORDNANCE DEFT .S A.

WATERTOWN _ARSENAL

Aug.7,1940 AR30 W,A.710-532

FiG 1



Figure 2

Macrostructure

Deep Eteh

e e o

The face of the plrte shows guite prominent, well-
distributed pits, The fusion between the top and the base
sections appears to be quite uniform, The base metal shows
fine laminations with a satisfactory amount of hot wvorking.

A few scattered impurities, now partially etched out, can be
seen in thils portion of the plate.

Semple 2 1s cut at right angles to sample 1,
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Deep Btch

Plates AR36, AR37, ARJE, end AR39

Lach of the plates submitted shows proctically equal thicke
nesses of boze metel and armor plate. The Junetion between the
layers appenre to be sound snd uniform, In the hard zone, quite .
proninent etched-out segregates are found. :

x5 MA-2077 g
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Figure b i i
Macrostructure

Oberhoffer's Eteh

Plate L3 « saction B

‘he hard surface layer hn2d a uniform structure. The
steel base only showed 2 troce of bdanding. A sharp line of
demarcation is observed detween the hard surface and the steel
base.

X3 MA- 31948 3195

Section C

Same as zection B,

X3 MA- 3192834 3193
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Wigure 4

Longitudinal Section C Transverse

VoA (O30-380¢
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s fure 2

Macro structure

Oberhoffer's Etch

ihe junction between the hard surface layer and the steel

dase is clearly visible, No pronounced segregationn are evi-
dent.

X3 ¥A-2013
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Figure 6
Maero strusture

Oberhoffer's Etch

Plate Ai36
Slight banding in case and core.

x5 MA-20T73

Plate ARZY

some banding in case and core,

X5 MA-2074

Plate 4830

Junction line between hard face and core evident. Mo
pronounced banding. Indication of small defect nsar Junction
of hard surface layer and steel base.

X5 MA-2075

Plate AR3Y

Proaounced bdanding is evident in the steel base while the
hard eurfece is quite uniform.

x5 MA-2076
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Figure 1
Noametallic Inclusions

2, Typicol nonmetallic inclusions im the lov carbon rear
foce of plates ARJO, AR3S, AK36, AR3I], AR3S, and AR3J.

Unatehed %100 MNA=3393

Typical elongated monmetallic inclusions in the high
corbon hard surface layer on plates AR36, AR37, and AR3S,

1{-4
L]

Unatched X100 MA-3397

e, Typical elongated nonmetallic inclusions in the high
cerbon herd surface leyer on plate ARISG,

Unetched X100 MA-39966

Tynicsl elongated nonmetallic inclusions about .15"
below surface of hard surface of plate Al3H,

1n
[ ]

Unetched X100 MA-3402
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Figure 8
Nonmetallic Inclusions

Penorwian of inclusionecrack system found in high carbon
layer of plate AR~-39. 7The system extends for .15". It
rans almost parallel to the plate surface, beginning at

.O4% below the surface.
Unetched X100 NA-3388a,b,c,4,e
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Figure 9

Microstructure

Typiesnl microstructure of hard surface layer of plate
AR30,

Etched in Vilella's Reagent X100 MA-3163

Typical structure of base metal side of junction detween
base metnl and top layer of plate AR30D,

gtehed In Vilella's Reagent X100 : MA-3161

Typical nicrostructure of low carbon stael base of plate
AR30,

Btched in Vilella's Reagent X100 MA-3162
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Figare 10

Microstructure of junction of hard case and soft back
of another section in Plate ARY0,

Ltched in Vilella's Reagent X100 MA-3166

Same sample as ia a.

Atched in Marble's Reagent X100 MA-3178
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Jvaction
Line

Junction
Line

(v) . WA 363627
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Figure 11

Microstructure

Hicrostructure of hard
below smarface.

Etched in larble's Reageat

Sane o5 above, 1,7 mm,

Etched in liarble's Reagemt

Same ss sbove, 5.4 mnm,

Ztched in Marble's Reagemt

Sgme as above, 7.8 mm,
of junction,

Btched in Mardble's Reagent

surface of Plate AR3J0, 0.7 mm,

X1000 MA-3172

belov surface.

X1000 MA-T176

belov surface.

X1000 MA-31T7h

belov surface. Upper layer side

X000 MA-3173

Seme as above. Microstructure of steel base.

Etched in Marble's Reagemt

X1000 MA-3175
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Figure 12

Microetructure

Plate 4R35

I

Hicrestructure of junction bdetween hard and soft layers
at spproximately She center of the junction sone.

Btched in Vilella's Resgent X100 Ma=-3430

Seme plate as above shoving soft layer side of jumction
zone,

Btched in Vilella's Reagent X100 MA-3hm

Lieme plate as adove showing structure of stesl base.

Ztched in Vilella's Reagent X100 MA-3433
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Figure 12
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Figure 13

Microstructure

Plate AR3S
a. Typical banded structure foumd ia hard surface layer.

Etched in Vilella's Reagent X100 Ma-3h3l

o
L ]

Stowing ferrite streak in hard surface layer,

Rteched in Vilella's Reagent X100 HA-3437
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Flgure 14

Microatructure

“ypical microstructure of hard surface layer of plates
AR3T] snd AR38, Note baniing and grain boundsries,

stched in Vilella's Reagent X100 MA-3428

Typical microstructure of jumction zone between hard
surface and steel base of plates AR3I] and AR3S,

Etched in Vilella's Reegent X100 MA-3U2%

Typicul microstructure of steel dase of plates AR3] and
AR,

Ktched in Vilella's Reageni X100 na-3427
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Figure 15
Microstructure
a. Typical microstructure of hard sarfase of plates
AR36 and AR39.
“tchad in Vilella's Reagent X100 MA-3U2Y
b. Typical microstructure of junction of hard surface
and soft back im plates Ai36 and AR39.
Gtched in Vilella's Heagent X100 MA-3421
c. Typical microstructure of steel base im plates AR3IE
and AR39,

Btched in Vilella's Reagent X100 NA=-3 423
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. Figure 16
- Miorostructure
' Plate AR30
g ;\ a, Bends of oarbides in hard surface layer,
h stched in burckami's Reagant X1000 MA-T188
- b, Another ares as in "a", Evidense 0f grein bhoundary
L carbide.
iy 3tehed in jurakemi's Reagent X1000 NA-3191
= Plate ;i35
\ o. Bonds of carbide in hard sarface layer,
C Etched in !furnkssi's Reagent X250 MA-3116
~ d. 3ande of crrbides in snnft ateel dase of plates, The
a derz slobules asre etched delta ferrite,
: Etched in Murarami's Reazent X250 NA-341T7 <
3 0
"sf’_:.w]
]
- 3
"]
. -_::
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Meure 17

Carbide Distridution

Plate AR3H

a. Grain boundary carbides in hard surface layer.
Ltched in Murakami's Reagent X1000 MA-3418

b. Grain boundary carbides in center of Jumction zone
betwveen hard surfase layer and soft bdack of plate.
Etched in liurakami’s Reagent X1000 MA-3420

c. Carbides in steel base of plate. The dark globules
sre etched delta ferrite. :

Ztched in lurakami's Reagent X1000 MA-3K19
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Figure 18
Qarbide Diestridution

Typileal bunds of carbidss in the hard surface layer of
2039, Including the prominent band which ruas parallel to
the plate surface, midvay between the plate surface amd
center of the junoction zona, The inclusion stringer whieh
begins the inclusion-crack system oceurs im the hand. (The
stringer lns been attacked by the eteh.) The carbide dls-
trib-tiou in the hard surfzce layer of Plate A236 19 the
sane a8 illustrated by the photomicrograph,

ftohed in Murakami's Resagent X2%0 KA~ 3015

lypicil bands of cardides in hard surface layere of
Flatey .i.37 and AR3S.

Atched in Murakami's Reagent X250 MA-3412

Typiesl grain boundary carbide found in the center ef
Junction zons of hard surface end soft back of Plates ARYS,
Ai37, Az38, and AR29,

Fels R AL
TS

Etched in liurakami's Reagemt X1000 XA-3U11

Typical microstructure of soft steel basesn of Plates -::_i
AB36, AR3I7, aR38, smnd AR39, Black globules are etched delta W
ferrite. -t

Etched in Hurakami's Reagent X1000 A~ 3420 \‘

Typical grain dbeundary carbide feumd im the hard surface
layers of Plates AR3] and AR3S,

Etched in Murakami's Reagent X1000 MA-341S r ‘-ﬁ:..
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WAR DEPARDIENT
OFFICE OF THE CHIEF OF ORDMANCE
WASHINGTON
Jaly 10, 1941

Subject: Composite Steels

To: Commamding Gemeral
Watertowa Arsemal
Watertowmn, Hass,

1. The Allegheny-ludlum Steel Corporation i producing a type
of composite sheet and plate which differs from methods used hereto-
fore. This process is known as "Pluramelt® and was developed by the
M. W. Kelloge Company of New Jersey. Im this connection there is
attached a copy of 2 memorandum explaining this process in some detail,

.

2. It is desired that certein members of the Ordnance Departnment
vielt the Alleghemy-Ludlum Steel Corporatiom Brackenridge plant to in-
spect this process and develop ite possibilities in ordnance uses.

Thie meeting has Deen tentatively seot for July 21,

3. It is requested that Lt. Col, Ritechie be present at this
neoting.

By order of the Chief of Ordnamce:

G, M, BARNES
Brig. Gen., U, 5, Army
Asst,, Chief of Industrial Service
Engineering
1 inel,
copy of memorendum

B AN DI i 5

3SN3dx3 LNIWNYIAOO LV A30NAQHd3Y



WAR DEPARTMENT

OFFICE OF THE CHIEF OF ORDNANOE
WASHINGTON

June 25, 1941 JGD/mel

HIMORANDUN FOR: Oemeral G, H, Weeeson
SUBJECT: Flursmelt

1. The Plursmelt procees for producing commosite plate
was developed by the M, ¥, Kellogg Company of New Jersey. It was
developed with the idea of producing oil cracking etill chembers
and chemical reaction vessels consi sting of mild steel coated with
stainless steel or other corresion resisting alloyns eo that the
bulk of the weizhi of the vessel consisted of lovecost milc steel
vhile the surface exposed to the corrosive mediua was an alloy,

2. To achieve this result a2 long series of resesrch experi-
mente were conducted by Dr, Hopkins of the Kelloge research staff
and he ovolved the present Pluramelt process, the patents for which
were then purchneed by the Allegheny Ludlum Steel Corporation for
the exclusive menufacture of this product.

3. To make & slab of armor plate, for example, a rolled
slab of steel would be placed im the Pluramelt apparatus so that
the edge or surfrce of the slab to be covered with the hardesurface
coatiag would be oxposed to the ectiom of an elestrode, 7This elece
trode is fed through a series of rollers which form the electrode
from a steel strip into & hollow tube. Inside the tube 3= fed the
alloying constituent in gramulated form, such as ferro-chrome,
nickel, ferro-venadium, etec. These are fed im the Prover propore
tions and as thay reach the bdottom of the electrode whars the elec-
trode arc is formed with the steel alab they are welted by the are
and literally welded to the surfzce of the steel =alab, 'The elsctrode
moves bagk and forth asross the frce of the slab and puts on a half
#n iach, em inch or more, of the naw hard metal by nctually forming
& welded bond with the parent surface of the slab, ‘hen the surface
has been completely covered amother surface opvosite to it con be
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covered or mot ns required. Ia any event, the slab is then onme
s0lid piece consisting of the heavy sectiom of the tough backing
up steel which came from the blooming mill, on the surface of
which has been welded a harder face which cem be of any znalysis
' required. The sleb is them sent to the rellimg mill for further
! reduction and the hard surfase is reduced inm thickness by the

o rolling in the same proportion of the eatire slad. Thus, light,
medium, or heavy armor could be produced with sny enalysis of
the backing up material amd eny analysis of the hardened surface
naterial could be used.

4, The main advantage of the Pluramelt Process over any
; o other method of bonding twe umlike metals together is the fact
& that the electric welding process is a complete union between the
twe types and gives the so-called tapered analyiis from the cemter
of the sladb to the hard fasce. This is comsed by the flow of the
alloying metal in the welding and results in very desirable charac-
teriotics on the finished plate.

d. G, Detwiler
1t Lt,, Ord, Dept.
Assietant
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